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Introduction
Walking is an important measure of recovery in post
stroke management. Inability to walk effectively in post
stroke individuals is often a result of reduced exercise
capacity, as they tend to show evidence of exertion after
walking a short distance. It has been suggested that 
the low peak exercise responses in those individuals
could be due to a number of factors including decreased
number of motor units available for recruitment during
dynamic exercise, the reduced oxidative capacity of
paretic muscles and decreased overall endurance [1].
For those who have regained this function, the energy
cost of walking is higher when compared to their age-
matched counterparts who have not suffered a stroke
[2]. It is therefore important that the physiotherapist
assesses the capacity of these patients, in terms of 
cardiovascular adjustment, to carry out tasks such as
walking, using standardized test protocol before engag-
ing them in walking or other endurance exercise train-
ing activities aimed at improving their coordination,
endurance and general function.
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Functional walk tests such as the 6-minute walk 
test (6MWT) [3] and 12-minute walk test [4] are sub-
maximal measures used to determine the functional
capacity of individuals with compromised ability such
as stroke. Eng et al [5], however, suggested that the
6MWT may be used as a clinical measure of cardiovas-
cular endurance in adults with stroke.
One of the two cerebral hemispheres, depending on
the dominant and the non-dominant hemisphere [6],
predominantly performs certain functions. Hence, there
are differences in difficulties experienced by individuals
with damage to any of the two cerebral hemispheres.
Lesion laterality has been reported to influence factors
such as functional independence on admission, and
regaining self-care and mobility in non-haemorrhagic
stroke survivors [7]. This study was carried out to inves-
tigate the differential effects of cerebral dominance on
the cardiovascular response and speed of walking of
hemiparetic stroke subjects and non-stroke individuals
to a 6-minute level ground walking exercise test.
Methods
The research design was a pre-test, post-test study. The
subjects for this study were 17 non-dominant (NDSH)
and 14 dominant side hemiparetic (DSH) stroke sub-
jects. Nineteen had suffered haemorrhagic stroke and 12
had ischaemic cerebrovascular disease. The mean dura-
tion of stroke was 15.28 ± 3.65 weeks. Twenty appar-
ently healthy individuals constituted the control group.
The inclusion criteria for participation for the hemi-
paretic subjects were as follows: hemiparetic stroke sub-
jects who possessed adequate balance for independent
standing determined by ability to bear at least 30% of
total weight on the affected lower limb on standing for
at least 2 minutes [2]; independent ambulation without
any assistive device; resting systolic (SBP) and diastolic
blood pressure (DBP) not exceeding mild hypertension
values of 160 mmHg and 95 mmHg respectively [8];
Grade 2 spasticity level in the upper and lower limbs on
the Ashworth scale [9].
Participation criteria for the subjects in the control
group were: resting SBP and DBP not exceeding mild
hypertension values of 160mmHg and 95mmHg respec-
tively [8]; no history of any neurological and muscu-
loskeletal disorder that resulted in functional abnormality
of the lower limbs.
Participants were recruited consecutively from
among those receiving physiotherapy on an outpatient
basis. Handedness (dominance) was determined through
a brief interview where the following questions were
asked: which hand would you preferentially use for: 
a. writing; b. eating; c. sweeping; d. cutting grass; 
e. throwing a ball; f. holding a tennis racket; g. opening
or closing doors and window shutters; h. which leg
would you preferentially use to kick a ball while play-
ing soccer?
Subjects who favoured right over the left while reply-
ing to questions a–h were considered to be right handed
and thus left cerebral dominant, while those who
favoured left over right were considered to be left handed
and thus right cerebral dominant [10]. The questions
were asked with respect to the limb preference before the
stroke incident. The term dominance was used in this study
with respect to the side of hemispheric lesion.
Procedure
The study protocol was approved by the institutional
review board of the University of Ibadan/University
College Hospital. The details of the procedure were
explained to each subject before obtaining their informed
consent.
The following information were obtained from the
subjects and recorded as appropriate: gender; age at last
birthday; occupation; marital status; date of cerebrovas-
cular accident; duration of treatment received. Their
weight, height and weight symmetry were also deter-
mined. To measure weight symmetry, two digital
portable weighing scales were placed beside each other,
10 cm apart on the floor at the research venue, and the
subject stood fully upright and unsupported with a foot
on each of the scales [11].
After subjects had sat at rest for 20 minutes in the
gymnasium where the study took place, resting (baseline)
blood pressure was measured at the subject’s unaffected
arm using a mercury-in-glass sphygmomanometer and
a stethoscope, while the heart rate (HR) was counted as
pulse rate, determined manually by palpating the pulse at
the radial artery and using a stopwatch for timing. From
the measurements taken, the rate pressure product (RPP)
was computed for each participant as: RPP = SBP ˜ HR.
The RPP is a useful index of cardiac stress and a valid
predictor of myocardiac oxygen consumption [12].
To calculate subjects’ walking speed, subjects walked
on a mapped area that was 10 metres in length in the
physiotherapy gymnasium without resting in between.
They did not use any walking aid and they chose their
own pace for the 6-minute period of the walking exer-
cise test. Subjects were told that their goal was to cover
as much ground as they could in 6 minutes. On the
command “Go!” they started to walk and the stopwatch
was started. At the 6th minute, the walking was termi-
nated and subjects were asked to sit. The immediate
post-walk cardiovascular variables were measured, and
from the distance covered in 6 minutes, walking speed
(in metres/second) was determined as the total distance
covered (in metres) divided by the time taken (in sec-
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Subjects were closely monitored throughout the
course of the 6MWT to avoid any untoward physical
and medical incidents. All participants completed the
walk test without resting in between. They were asked
to sit for 30 minutes after the completion of the test to
monitor them before they could leave the gymnasium.
Patients continued with their regular physiotherapy
sessions, following their appropriate appointment sched-
ule, after participating in this study.
Data analyses
Means and standard deviations were computed for 
all the variables determined. One-way analysis of vari-
ance (ANOVA) was used to compare each of the pre-
and post-6MWT parameters and walking speed among
the DSH, NDSH, and control groups. Paired t test was
used for within-group pre- and post-walk cardiovas-
cular variables. The level of significance was set at 0.05
alpha.
Results
The physical characteristics of the subjects are pre-
sented in Table 1. The outcome of data analyses showed
that there was no significant difference in the pre-
6MWT cardiovascular parameters of the three groups of
subjects, although HR showed a trend of highest mean
values for the NDSH group (Table 2). Post hoc analyses
revealed that the NDSH group had significantly higher
pre-6MWT HR than their DSH counterparts. No signifi-
cant difference was found between the control group
and each of the DSH and NDSH groups. The results as
indicated in Table 3 showed no statistically significant
difference in the post-6MWT HR of the three groups of
subjects (p = 0.10). Significant differences were found in
post-6MWT SBP (p = 0.00), DBP (p = 0.02), and RPP (p =
0.02) across the three groups. Post hoc analyses were
carried out to identify the group pair that recorded 
significant difference.
There was a significant difference in the mean walk-
ing speed values (p = 0.00) of the three groups of sub-
jects (Table 4). Although post hoc analyses showed no
significant differences in the walking speed of the DSH
and NDSH groups, each of them recorded significantly
lower walking speed than their control counterparts
(Table 4). Pearson’s product moment correlation coeffi-
cient (Table 5) revealed little if any correlation [13]
between cardiovascular responses and each of speed
and distance in the stroke group. A similar trend was
observed in the control group. Within-group compar-
isons of mean resting (pre-) and immediate post-walk
cardiovascular parameters in each of the three groups
showed that the exercise caused significant increase 
in all the variables in the NDSH group, whereas HR 
(p = 0.06) and SBP (p = 0.40) were not significantly
increased by the exercise in the DSH and apparently
healthy control groups, respectively (Table 6).
Table 1. Physical characteristics of subjects (n = 51)*
DSH (n = 14) NDSH (n = 17) Control (n = 20)
Age (yr) 60.57 ± 8.06 58.82 ± 9.08 53.55 ± 15.20
Height (m) 1.62 ± 0.17 1.62 ± 0.90 1.63 ± 0.73
Weight symmetry 1.05 ± 0.17 1.03 ± 0.11 1.03 ± 0.14
*Data are presented as mean ± standard deviation. DSH = dominant side hemiparetic stroke patients; NDSH = non-dominant side
hemiparetic stroke patients.
Table 2. Comparison of mean pre-6-minute walk test cardiovascular parameters of subjects (n = 51)*
Post hoc analyses
DSH (n = 14) NDSH (n = 17) Control (n = 20) p
DSH vs. DSH vs. NDSH vs.
NDSH Control Control
SBP (mmHg) 123.0 ± 27.32 129.64 ± 12.16 123.50 ± 17.48 0.63 NS NS NS
DBP (mmHg) 83.53 ± 8.80 85.71 ± 7.56 80.20 ± 9.80 0.21 NS NS NS
HR (bpm) 74.47 ± 8.23 81.43 ± 9.91 75.60 ± 8.12 0.07 Sig NS NS
RPP 9,264.71 ± 2,408.03 1,059.00 ± 1,881.65 9,349.50 ± 1,714.53 0.14 NS NS NS
*Data are presented as mean ± standard deviation. DSH = dominant side hemiparetic stroke patients; NDSH = non-dominant side
hemiparetic stroke patients; SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; RPP = rate pressure prod-
uct; NS = non-significant difference; Sig = significant difference.
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Discussion
The exercise test used in this report was level-ground
walking. Walking is a natural form of rhythmical exer-
cise that requires no equipment and that can be self-
administered by patients undergoing rehabilitation
both in the clinical setting and in the community. The
6MWT, which was recommended as a useful clinical
measure of cardiovascular endurance in adults with
stroke [14], has also been used for apparently healthy
subjects of both sexes to construct predictor equations
and to assess endurance in community-dwelling adults
[15]. The usefulness of this test protocol is underscored
by the fact that in a developing economy like Nigeria
Table 3. Comparison of mean post-6-minute walk test cardiovascular parameters of subjects (n = 51)*
Post hoc analyses
DSH (n = 14) NDSH (n = 17) Control (n = 20) p
DSH vs. DSH vs. NDSH vs.
NDSH Control Control
SBP (mmHg) 140.29 ± 9.27 143.93 ± 10.41 125.75 ± 17.49 0.00 NS Sig Sig
DBP (mmHg) 90.29 ± 8.74 92.14 ± 6.99 83.50 ± 10.89 0.02 NS Sig Sig
HR (bpm) 86.94 ± 23.56 99.00 ± 9.34 91.50 ± 8.00 0.10 NS NS NS
RPP 12,184.71 ± 3,467.05 14,282.50 ± 1,946.87 11,572.50 ± 2,264.57 0.02 Sig Sig Sig
*Data are presented as mean ± standard deviation. DSH = dominant side hemiparetic stroke patients; NDSH = non-dominant side
hemiparetic stroke patients; SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; RPP = rate pressure prod-
uct; NS = non-significant difference; Sig = significant difference.
Table 4. Comparison of mean walking speed of subjects (n = 51)*
Post hoc analyses
DSH (n = 14) NDSH (n = 17) Control (n = 20) p
DSH vs. DSH vs. NDSH vs.
NDSH Control Control
Speed (m/s) 0.42 ± 0.38 0.25 ± 0.13 1.14 ± 0.25 0.00 NS Sig Sig
*Data are presented as mean ± standard deviation. DSH = dominant side hemiparetic stroke patients; NDSH = non-dominant side
hemiparetic stroke patients; NS = non-significant difference; Sig = significant difference.
Table 5. Correlation between cardiovascular responses and speed and distance covered by subjects (n = 51)
SBP (δ) DBP (δ) HR (δ) RPP (δ)
DSH (n = 14)
Speed (m/s) − 0.16 − 0.30 0.09 − 0.00
Distance (m) − 0.17 − 0.28 0.08 − 0.01
NDSH (n = 17)
Speed (m/s) − 0.07 0.33 0.19 0.10
Distance (m) − 0.14 0.47 0.14 − 0.02
Control (n = 20)
Speed (m/s) 0.18 − 0.06 − 0.06 0.17
Distance (m) 0.17 − 0.06 0.07 0.16
DSH + NDSH (n = 31)
Speed (m/s) − 0.07 0.11 0.04 0.01
Distance (m) 0.09 − 0.03 0.02 0.04
SBP (δ) = systolic blood pressure response (post-exercise value minus pre-exercise value); DBP (δ) = diastolic blood pressure
response (post-exercise value minus pre-exercise value); HR (δ) = heart rate response (post-exercise value minus pre-exercise
value); RPP (δ) = rate pressure product response (post-exercise value minus pre-exercise value).
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where this study was carried out, more sophisticated
test facilities such as grid walkway and motorised tread-
mill machines are not readily available in clinics.
Subjects walked continuously for 6 minutes at their
own pace. All the participants (both post-stroke and
control subjects) were able to complete the 6MWT
without any rest periods during the test. They also
walked without any assistive device, and were closely
monitored during the test to avoid any untoward event.
The exercise caused a significant increase in all the 
cardiovascular parameters of NDSH stroke subjects, 
but caused no statistically significant increase in the HR
of DSH stroke subjects. A trend of an increase in post-
6MWT HR was, however, observed. Also, only SBP was
not significantly increased by the exercise test in the
control group. The significantly higher post-walk SBP,
DBP and HR suggest that all the subjects (hemiparetic
and control) experienced some cardiovascular stress
during the 6MWT. These results probably reflect the
fact that all subjects were exercise-deconditioned irre-
spective of whether they had suffered a stroke or not or
whether they had dominant or non-dominant side
stroke. HR has been reported to have a linear relation-
ship with oxygen demands of the heart [12]. Therefore,
it may be deduced that level-ground walking at their
own selected walking speed placed a significantly higher
oxygen demand on the hearts of the subjects as shown
by the significant increase in post-exercise pulse after 
6 minutes of walking.
At baseline (pre-6MWT), the three groups of partic-
ipants were matched in all the cardiovascular parameters,
except the NDSH group which had significantly higher
HR than their DSH counterparts. This is underscored by
the fact that none of the subjects had a history of habit-
ual regular participation in exercise before this study.
The significant difference in post-exercise SBP, DBP and
RPP across the three groups therefore suggests that
each group of participants responded differently to the
6MWT. The results showed that the DSH and NDSH
groups recorded significantly higher mean post-exercise
SBP, DBP and RPP than the control group, suggesting
that hemiparetic subjects had lower cardiovascular
adjustment to the exercise than their non-hemiparetic
(control) counterparts. The NDSH group recorded sig-
nificantly higher post-exercise actual exertion. According
to Kispert [12], RPP (a measure of the level of actual
exertion during an activity) is a useful index of cardiac
stress and a valid predictor of myocardiac oxygen con-
sumption. The observed trends of differential responses
in RPP of the DSH and NDSH subjects might be a result
of an association between side of affectation in stroke and
the dynamics of muscular works involved in balancing
and walking, especially post-stroke.
The walking speed of the three groups of subjects
was significantly different, although there was no sig-
nificant difference between the DSH and NDSH groups.
Both groups of hemiparetic subjects, however, recorded
slower speed values compared to control individuals.
While the control group (apparently healthy subjects)
had a mean walking speed of 1.14 m/s, the NDSH and
DSH groups recorded a mean value of 0.42 m/s and
0.25 m/s, respectively. This trend is comparable to that
found by Perry et al [16], who submitted that the walk-
ing speed of a normal adult is between 1.2 and 1.4 m/s,
and that stroke patients tend to walk at less than 0.9 m/s
and sometimes as slowly as 0.1 m/s. The differences in
Table 6. Comparison of pre- and post-exercise parameters of subjects (n = 51)*
Pre-exercise Post-exercise t p
DSH (n = 14)
SBP (mmHg) 123.53 ± 27.32 140.29 ± 9.27 3.01 0.01†
DBP (mmHg) 83.53 ± 8.80 90.29 ± 8.74 4.57 0.00†
HR (bpm) 74.47 ± 8.23 86.94 ± 23.56 2.01 0.06
RPP 9,264.71 ± 2,408.03 12,184.71 ± 3,467.05 3.12 0.01†
NDSH (n = 17)
SBP (mmHg) 129.64 ± 12.16 143.93 ± 10.41 68.44 0.00†
DBP (mmHg) 85.71 ± 7.56 92.14 ± 6.99 3.23 0.01†
HR (bpm) 81.43 ± 9.91 99.00 ± 9.34 13.22 0.00†
RPP 10,590.00 ± 1,881.63 14,282.14 ± 1,946.87 11.16 0.00†
Control (n = 20)
SBP (mmHg) 123.50 ± 17.48 125.75 ± 17.49 0.86 0.40
DBP (mmHg) 80.25 ± 9.80 83.50 ± 10.89 3.12 0.01†
HR (bpm) 75.60 ± 8.12 91.50 ± 8.00 11.40 0.00†
RPP 9,349.50 ± 1,714.53 11,572.50 ± 2,264.57 6.70 0.00†
*Data are presented as mean ± standard deviation; †significant at p < 0.05. SBP = systolic blood pressure; DBP = diastolic blood pres-
sure; HR = heart rate; RPP = rate pressure product.
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the speed at which the hemiparetic stroke subjects
walked and the distance they covered during the 6MWT
could not have significantly influenced the differential
cardiovascular response by the subjects. This assertion
is based on the fact that using the Munro [13] interpre-
tation of the correlation analyses, little if any correlation
was recorded between their cardiovascular responses
and the speed at which they walked and the distance
covered.
Whilst muscle weakness and loss of coordination are
the primary impairments that affect walking after stroke,
impaired cardiorespiratory and cardiovascular fitness
have been reported to be a secondary limiting factor of
walking endurance in stroke subjects when compared
with apparently healthy individuals [17]. The findings
of this current study suggest a need to take hemiparetic
subjects through an exercise programme that is aimed
at conserving energy during independent walking by
improving endurance, as this would enhance their
physical activities. Some researchers have observed that
physical activity is a very cost-effective and more enjoy-
able health promotive measure in individuals with
physical disability [18], as may be found in post-stroke
individuals. However, Richard et al [14] submitted that
the limitations in the 6MWT for adults with stroke,
when compared with apparently healthy individuals,
do not purely reflect poor cardiovascular fitness but also
restrictions caused by motor and balance impairments
related to stroke in endurance activities.
Conclusion
The 6-minute level-ground walking caused significant
increase in the cardiovascular parameters of both dom-
inant and non-dominant side post-stroke hemiparetic
subjects, with the non-dominant side lesion group
recording higher mean HR. When compared with their
apparently healthy age-matched counterparts, the hemi-
paretic subjects recorded higher post-exercise SBP, DBP
and RPP. Little correlation was found between cardio-
vascular responses and speed and distance covered by the
subjects. A major limitation to the generalization of the
outcome of this study is the small sample size (31 hemi-
paretic and 20 control subjects).
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